
WHAT IS CLAIMED IS; 




1. A spin valve thin film magne 
a pair of nonmagnetic conductive 
ned magnetic layers, and a pair of 



ic element comprising: 
layers , a pair of 
ant if erromagnetic 



layers for respectively pinning the magnetization directions 
of the pair of pinned magnetic layers! which are laminated 
in turn on both sides of a free magnei ic layer in the 
thickness direction to form a laminate on a substrate; 

a pair of bias layers located on Jboth sides of the 
laminate in the track width direction! for orienting the 
magnetization direction of the free magnetic layer in the 
direction crossing the magnetization pirection of each of 
the pinned magnetic layers; and 

a pair of lead layers laminated fon the bias layers, for 
supplying a sensing current to the laminate; 

wherein of the pair of antif erromagnetic layers , at 
least the antif erromagnetic layer ajJart from the substrate 
is made narrower than the free magnetic layer in the track 
width direction to form lead connecting portions of the 
laminate on both sides of the narrc^ antif erromagnetic layer 
in the track width direction; and 

the pair of lead layers are extended from both sides of 
the laminate in the track width daprection to the center of 
the laminate and connected to the/ laminate through the pair 
of lead connecting portions. 
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2 . A spin valve thin film magnetic element accordi|?g 
to Claim 1, wherein in addition to the narrow 
antif erromagnetic layer, at least a portion or the whc|Le of 
the pinned magnetic layer adjacent to the antiferrom|gnetic 
layer is made narrower than the free magnetic layer /to form 
lead connecting portions of the laminate on both sMles of 
the narrow antif erromagnetic layer and pinned magnptic layer, 
and the pair of lead layers are extended from botii sides of 
the laminate in the track width direction to the/ center 
thereof and connected to the laminate through t^he pair of 
lead connecting portions . 



3 . A spin valve thin film magnetic element according 
to Claim 1 , wherein in addition to the narrow 
antif erromagnetic layer, the pinned magnetic layer adjacent 
to the narrow antif erromagnetic layer an^l a portion the 
nonmagnetic conductive layer adjacent t^> the pinned magnetic 
layer are made narrower than the f ree ^magnetic layer to form 

lead connecting portions of the laminate on both sides of 

/ 

the narrow antif erromagnetic layer , ^pinned magnetic layer 
and nonmagnetic conductive layer, and the pair of lead 
layers are extended from both sides of the laminate in the 
track width direction to the ceater thereof and connected to 
the laminate through the pair of lead connecting portions . 



4. A spin valve thin fi^lm magnetic element according 

/ 

to Claim 1, wherein the pai/pr of the connecting portions 
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respectively comprise notch portions formed on the side 
apart from the substrate to be located at both ends of/ the 
laminate in the track width direction, and the width pf each 
of the lead connecting portions in the track width direction 
is in the range of 0.03 to 0.5 \xm. 



5. A spin valve thin film magnetic element according 
to Claim 1, wherein the pair of bias layers are adjacent to 
the free magnetic layer to be located at the same layer 
position as at least the free magnetic layer, and the upper 
surfaces of the pair of bias layers are joined* to the 
laminate at positions nearer to the substrate? than the lead 
connecting portions so that only the pair of lead layers are 
connected to the pair of lead connecting portions . 



6 . A spin valve thin film magnetic /element according 
to Claim 1, wherein each of the pair of /the pinned magnetic 
layers comprises a laminate of at leas/t two ferromagnetic 
layers and a nonmagnetic intermediatj layer inserted between 
these ferromagnetic layers, and the ^magnetization directions 
of the adjacent ferromagnetic layers are antiparallel to 

/ 

each other to bring the whole pinried magnetic layer into a 
f errimagnetic state. 




7 . A spin valve thin film magnetic element according 

to Claim 6, wherein each of tlie pair of the pinned magnetic 

/ 

layers comprises a laminate pf two ferromagnetic layers and 
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a nonmagnetic intermediate layer inserted between these 
ferromagnetic layers, and the magnetization directions of 
the adjacent ferromagnetic layers are antiparallel to eacl 
other to bring the whole pinned magnetic layer into a 
f errimagnetic state . 
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8. A spin valve thin film magnetic element according 
to Claim 1, wherein of the pair of antif erromagnetic layers, 
the antif erromagnetic layer located near to the supstrate is 
formed to extend beyond the free magnetic layer j/n the track 
width direction so that the bias layers are laminated on the 
extensions of the antif erromagnetic layer. 



9. A spin valve thin film magnetic e 



to Claim 1 , wherein the bias layers 
bias underlying layers made of Ta or 
of the antif erromagnetic layer located 
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A spin valve thin film ma 




according 



inated, through 
the extensions 
to the substrate, 



element according 



to Claim 1, wherein intermediate layers made of Ta or Cr are 



respectively laminated between 
layers . 



bias layers and the lead 



11. A spin valve thin mlm magnetic element according 
to Claim 1, wherein each of/the pair of antif erromagnetic 
layers comprises any one off XMn alloys and PtX'Mn alloys 
(wherein X represents on£' element selected from Pt , Pd, Ir, 
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Rh, Ru, and Os , and X' represents at least one element 
selected from Pd, Cr, Ru, Ni, Ir, Rh, Os , Au, Ag, Ne, Ar/ Xe 
and Kr) . 

12. A spin valve thin film magnetic element according 
to Claim 1 , wherein the laminate comprises a centre 
sensitive zone which has high reproduction sensitivity and 
can substantially exhibit a magnetoresistive effect, and 
dead zones which are formed on both sides of the sensitive 
zone in the track width direction and have low/reproduction 
sensitivity, and which cannot substantially ^hibit the 
magnetoresistive effect; and 

wherein the pair of lead connecting portions formed at 
both ends of the laminate are formed on ttrie dead zones of 
the laminate, and the pair of lead layers are formed to 
extend from both sides of the laminate/in the track width 
direction to the dead zones and to adpere to the laminate. 

13. A method of manufacturing a spin valve thin film 
magnetic element comprising: 

the laminated film forming jTtep of laminating in turn 
an antif erromagnetic layer, a oinned magnetic layer, a 
nonmagnetic conductive layer, ia free magnetic layer, another 
nonmagnetic conductive layer,/ another pinned magnetic layer 
and another antif erromagnetic layer on a substrate to form a 
laminated film; 

the resist forming stMp of forming a lift off resist on 
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the laminated film, the resist comprising a butting surfaare 
in contact with the laminated film and both side surface/ 
holding the contact surface therebetween, and a pair of/ 
notches provided on both sides of the butting surface Ln the 
track width direction to be located between the buttapg 
surface and both side surfaces; / 

the laminate forming step of entirely or partiklly 
etching the laminated film outside both side surfaces of the 
lift off resist in the track width direction by irradiating 
the laminated film with an etching particle beam in the 
direction at an angle Q x with the substrate to/form a 
laminate having a substantially trapezoidal sectional shape; 

the bias layer forming step of depositing other 
sputtered particles on both sides of the Isaminate in the 
direction at an angle 8 2 (however, 0 2 > 6/) of with the 



substrate to laminate a pair of bias layers to the same 
layer position as at least the free magnetic layer ; 

the lead connecting portion forming step of etching at 
lest the portions of the other ant ferromagnetic layer 
corresponding to the pair of notches by irradiating the 
laminate with another etching particle beam in the direction 
at an angle 6 3 (however, 6 X > Qff) with the substrate to form 
a pair of lead connecting portions; and 

the lead layer forming /Step of depositing still other 
sputtered particles on the/l_aminate and the bias layers in 
the direction at an angle//6 3 with the substrate to form a 
pair of lead layers whicft extend from both sides of the 
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laminate in the track width direction to the center thereof 
to be connected to the laminate through the pair of lead 
connecting portions. 



14. A method of manufacturing a spin valve thin film 
magnetic element according to Claim 13, wherein in thje. lead 
connecting portion forming step, in addition to the /portions 
of the other ant if erromagnetic layer corresponding/to the 
notches, the other pinned magnetic layer is partially or 
entirely etched corresponding to the notches to /form a pair 
of lead connecting portions . 
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15. A method of manufacturing a spin valve thin film 
magnetic element according to Claim 13, wherein in the lead 



connecting portion forming step, the other ant if erromagnetic 
layer and the other pinned magnetic layfer are etched 
corresponding to the pair of notches, /and the other 
nonmagnetic conductive layer is part4ally etched 
corresponding to the pair of notch^ to form a pair of lead 
connecting portions. 




16 . A method of manufacturing a spin valve thin film 

/ 

magnetic element according to" Claim 13, wherein in the 



laminate forming step, the laminated film is etched outside 

/ 

both side surfaces of the /lift off resist in the track width 
direction to leave a portaon of the ant if erromagnetic layer 



/ 



adjacent to the substrate 
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17. A method of manufacturing a spin valve thin /ilm 
magnetic element according to Claim 13, wherein the pias 
layer forming step comprises forming the bias layer^ and 
depositing sputtered particles at the angle 0 X to form 
intermediate layers made of Ta or Cr on the bias /Layers , and 
the lead connecting portion forming step comprises forming 
the lead connecting portions and, at the same fime, etching 
a portion of the intermediate layers . 
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18. A method of manufacturing a spin \plve thin film 
magnetic element according to Claim 13, whfrein the angle 6 X 
is in the range of 60 to 85° , the angle 9/ is in the range 
of 70 to 90° , and the angle 6 3 is in the/range of 40 to 70° 



19. A method of manufacturing a /spin valve thin film 
magnetic element according to Claim 13 , wherein the widths 
of the pair of lead connecting portions in the track width 
direction are respectively defined/ by the widths of the 
notches of the lift off resist in/the track width direction. 



20. A method of manufacturing a spin valve thin film 
magnetic element comprising: 

the laminated film forming step of laminating in turn 



an antif erromagnetic layer 



■/ 



pinned magnetic layer, a 



nonmagnetic conductive layer, a free magnetic layer, another 
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nonmagnetic conductive layer, another pinned magnetic layer 
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and another antif erromagnetic layer on a substrate to fo3 

laminated film; 

the first resist forming step of forming a first Jfift 

off resist on the laminated film, the first resist 

comprising a butting surface in contact with the laminated 

film and both side surfaces holding the contact surface 

therebetween, and a pair of notches provided on b^th sides 

/ 

of the butting surface in the track width direction to be 
located between the butting surface and both aide surfaces; 

the laminate forming step of entirely oy partially 
etching the laminated film outside both sidp surfaces of the 
first lift off resist in the track width direction by 
irradiating the laminated film with an etching particle beam 
in the direction at an angle 9 4 with the substrate to form a 



laminate having a substantially trapezoidal sectional shape; 
the bias layer forming step of depositing other 



sputtered particles on both sides of the laminate in the 
direction at an angle 0 5 ( however ,/0 5 > 9 4 ) with the 
substrate to laminate a pair of |>ias layers to the same 
layer position as at least the free magnetic layer; 

the second lift off resist forming step of removing the 
first lift off resist and f oinning a second lift off resist 
at substantially the center/of the top of the laminate, the 
second resist comprising a/butting surface narrower than the 
butting surface of the fi*rst lift off resist and both side 



surfaces holding the narrow butting surface therebetween, 

/ 

and a pair of notches provided on both sides of the narrow 



butting surface in the track width direction to be located 
between the butting surface and both side surfaces; 

the lead connecting portion forming step of etcSing at 
least the portions of the other antif erromagnetic j/ayer 
outside both side surfaces of the second lift of ±f resist in 
the track width direction by irradiating the laniinate with 
another etching particle beam in the direction/at an angle 
9 6 with the substrate to form a pair of lead connecting 
portions; and 

the lead layer forming step of depositing still other 
sputtered particles on the laminate and the bias layers in 
the direction at an angle 0 6 with the substrate to form a 
pair of lead layers which extend from tooth sides of the 
laminate in the track width directioif to the center thereof 
to be connected to the laminate thijough the pair of lead 
connecting portions . 

21. A method of manuf actuiring a spin valve thin film 
magnetic element according to /Claim 20, wherein in the lead 
connecting portion forming step, the other antif erromagnetic 
layer is etched outside botti side surfaces of the second 



lift off resist in the track width direction, and the other 
pinned magnetic layer is /partially or entirely etched 
outside both side surfaces of the second lift off resist in 

7 

the track width direction to form a pair of lead connecting 
portions . 



22. A method of manufacturing a spin valve thin filmj 
magnetic element according to Claim 20, wherein in the lefad 
connecting portion forming step, the other antif erromagpetic 
layer and the other pinned magnetic layer are etched outside 
both side surfaces of the second lift off resist in phe 
track width direction, and the other nonmagnetic conductive 
layer is partially etched outside both side surfaces of the 
second lift off resist in the track width directs/on to form 
a pair of lead connecting portions. 
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23. A method of manufacturing a spin valve thin film 
magnetic element according to Claim 20, wherpin in the 
laminate forming step, the laminated film ijs etched outside 
both side surfaces of the first lift off Resist in the track 
width direction to leave a portion of thef antif erromagnetic 
layer adjacent to the substrate. 



24. A method of manufacturing af spin valve thin film 
magnetic element according to Claim/20, wherein the bias 
layer forming step comprises forming the bias layers and 



depositing sputtered particles atF the angle 9 4 to laminate 

/ 

intermediate layers made of Ta or Cr on the bias layers, and 

/ 

the lead connecting portion forming step comprises partially 

jj 

etching the intermediate layers at the same time as 
formation of the lead connecting portions . 



/ 



25. A method of manufacturing a spin valve thin film 
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magnetic element according to Claim 20, wherein the ang/e 0 4 
is in the range of 50 to 85° , the angle 0 5 is in the r<ange 
of 60 to 90° , and the angle 0 6 is in the range of 50/ to 90° . 



26. A method of manufacturing a spin valve whin film 
magnetic element according to Claim 20, wherein ithe widths 
of the pair of lead connecting portions in the Arack width 
direction are respectively defined by the relative distances 
between side positions of the laminate and the side 
positions of the second lift off resist. 



27. A method of manufacturing a spi4i valve thin film 
magnetic element according to Claim 13, /wherein in the lead 

connecting portion forming step, the sputtered particle type 

/ 

discharged from the laminate during ^etching is analyzed by 
secondary ion mass spectroscopic analysis to detect the end 
point of etching. 




28. A method of manufacturing a spin valve thin film 
magnetic element according to /claim 20, wherein in the lead 
connecting portion forming step, the sputtered particle 
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types discharged from the laminate during etching is 
analyzed by secondary ion mass spectroscopic analysis to 
detect the end point of exching. 



